I present latest measurements from the B factories of branching fractions for B meson decays to hadronic twoand three-body final states. These include the rate of doubly Cabibbo-suppressed charge states of charmed mesons in two-body decays, charmed baryons and other structure seen in baryonic B decays, and charmless mesonic two-body decays in comparison with estimates from theory.
Introduction
The PEP-II and KEKB B factories have very recently produced a number of new measurements or limits for B decay modes to hadronic final states. These include some b → c modes bearing on the interpretation of experiments aiming to measure the CKM angle γ (φ 3 ), charmless baryonic three-body final states with their two-body substructure, and a number of charmless mesonic branching fractions and charge asymmetries. The latter include modes with η, η ′ , and other pseudoscalar (P -P ) combinations, as well as those with vector (V ) or axial-vector (A) mesons. I present these experimental results and provide an indication of how the theoretical predictions stack up against all of the currently available measurements. A number of interesting measurements are not included in this review simply because of the limited time.
The experimental identification of B mesons from the decay of the Υ (4S) makes use of the kinematic variables energy-substituted mass
and the energy difference
where s is the squared center-of-mass energy, (E 0 , p 0 ) and (E B , p B ) are the laboratory four-momenta of the Υ (4S) and the B candidate, respectively, and the asterisk denotes the Υ (4S) rest frame.
Decays Related to sin 2β + γ
The experiments that determine angles of the unitarity triangle of the CKM matrix are discussed in other talks at this conference, but I mention here a couple of supporting measurements. One can study the decays of B 0 to charged D or D * mesons in combination with a charged pion or ρ meson [1] . The weak phases are measurable in principle because these final states can be reached from both B 0 and B 0 initial states. We must distinguish however between b → c leading to D ( * )+ and the mixing oscillation b → b followed by the doubly Cabibbo-suppressed (DCSD) b → uW + , W + → D ( * )+ . The box diagram responsible for mixing brings in (in the Wolfenstein phase convention) a phase 2β, while the DCSD amplitude brings in γ. The coefficient S ± of the sin ∆m d ∆t term in the time-dependent rate for decays to (±)-charged D ( * ) is given by
Here r ≪ 1 is the ratio of the DCSD amplitude to the Cabibbo-allowed one, δ is the strong phase, and L is the orbital angular momentum between the daughter mesons. The sensitivity is determined by the value of r. One way to measure r is from the branching fraction ratio
where we assume isospin symmetry [2] . This measurement has been performed by Belle [3] with an exposure of 657 million B pairs. Distributions of 
The BABAR collaboration have measured a number of these and related decays [4] . The signals for two representative modes can be seen in Fig. 2 . From the s ρ − for the BABAR data set of 381 million BB pairs; this is first evidence, at 3.9 sigma, for the latter decay mode. The curves represent the fit function (solid), signal (shaded), peaking background (dotted), and continuum background (dashed).
branching fraction measurements and the ratios of decay constants from lattice gauge calculations, the following values are inferred for the various DCSD fractions r: r(Dπ) = [1.75 ± 0.14 ± 0.09 ± 0.10] × 10 the first error quoted is statistical, the second experimental systematic, and the third theoretical. Belle's limit above is consistent with these results.
The small value of r resulting from all of these measurements unfortunately limits the sensitivity of the measurements of 2β + γ. The Belle collaboration have made a thorough investigation over the years of B decays to ppK ( * ) , of which the most recent edition reports the observation of B 0 → ppK * 0 (Fig. 3 ) [5] . For each of these final states a substantial threshold enhancement is seen in the pp invariant mass spectrum. For those low-ppmass events the K * helicity distributions show an interesting structure, as indicated in Fig. 4 . The fraction of longitudinal polarization is quite different in the two K * charge states, consistent with 100% for B 0 → ppK * 0 . (left) and ppK * + (right), for events with m(pp) < 2.8 GeV. Values of the helicity-zero fraction H0 are given on the plots. an update here [6] . The Dalitz plot shows a threshold enhancement in the Λ There is no evidence in the BABAR data of the Σ c (2520). The second resonance that is seen has a mass of 2846±8±10 MeV and width 86 +33 −22 MeV (right plot in Fig. 5 ). One may ask if this is the same as the isotriplet Σ c (2800) produced in continuum e + e − annihilation as seen previously by Belle [7] . The data for Belle's state suggest a spin assignment J = Since the resonance masses determined by BABAR and Belle differ by three sigma, they may be distinct resonances. A conjecture offered by the BABAR authors is that J = 
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Σ c States in B decay
Charmless Mesonic Decays
I report next on the latest progress in the study of B decays to meson pairs, an area of vigorous activity that aims to map out the many channels experimentally and to understand them theoretically, or at least to characterize them phenomenologically. The presence of non-perturbative hadronic effects complicates the picture, but the large energy release in these heavy to light decays provides the possibility to control those uncertainties. The number of charmless mesonic decays that have been observed experimentally and listed in the Heavy Flavor Averaging Group compilations [8] is approaching a hundred, with limits established for many more. At the parton level these processes are mediated by amplitudes represented by diagrams like those shown in Fig. 6 . One phenomenological approach to the estimation of decay rates and charge asymmetries identifies a reduced matrix element with each of the parton topologies and relates their contributions to the various decay modes via flavor-SU (3) symmetry [9, 10] . Seven independent reduced diagrams and the CKM angle γ are fit to all of the available data within each of the final-state particle classes P -P , P -V s , and P s -V , where P is a pseudoscalar meson, V is vector meson, and the subscript indicates the meson containing the spectator quark. The seven topologies are the first four named in the Fig. 6 caption, plus weak annihilation (a), W -boson exchange (e) and penguin annihilation (pa). This picture is found to be quite compatible with the data as indicated by the fit chisquares, and Figures 8 and 9 below.
Theoretical Estimates of Branching Fractions and Charge Asymmetries
The direct calculation of decay rates and charge asymmetries begins with the effective Hamiltonian written as an operator product expansion (OPE) [11] . For a b → s transition:
The operators correspond to terms in the full theory at parton level as
• Q The factorization of each term facilitates the calculation by separating factors calculable, to next-toleading order (NLO) in the strong coupling constant α s , from QCD and the renormalization group. This separation is however scale-and scheme-dependent, requiring that the matrix elements be calculated to matching order in the same scheme and scale. The matrix elements include the problematic long-distance effects.
The factorization ansatz for dealing with the hadronic matrix elements employs the concept of "color transparency": because of the large Q-value in a heavy quark decay the daughter mesons fly from the region of their formation so quickly that their soft hadronic interactions are suppressed (by a factor of order Λ QCD /m b ). The matrix element becomes a product of a form factor, representing the transition of the B to one meson, and a decay constant, representing the creation from vacuum of the other daughter meson. Some of the earlier applications [12] treat quark masses and the effective number of colors as free parameters in fits to data.
The naive factorization method has been improved upon ("QCD factorization", QCDF [13, 14] ) with the inclusion of terms that account for interactions with the spectator quark. The hard-scattering kernels are calculated in the heavy quark limit at NLO, while nonperturbative effects are absorbed into form factors and light-cone parton distribution functions that are taken as inputs to the calculation.
Some of the calculations have been improved with the use of soft-collinear effective theory (SCET) [15] , which provides techniques for dealing with the very different energy scales between the leading quarks and soft glue.
An alternative improvement on naive factorization is provided by the "perturbative QCD" framework (pQCD) [16] [17] [18] . In this approach the treatment of the parton transverse momentum serves to control endpoint singularities in the parton distribution functions, allowing the calculation of heavy-to-light form factors. In these calculations penguin annihilation terms are found to give substantial, imaginary contributions that correspond to direct CP violation.
The "charming penguins" approach [19] incorporates factorization-violating terms of O(Λ QCD /m b ), especially the penguin terms with charm quarks in the loop. The small number of unknown complex amplitudes can be obtained from fits to data.
∆S = 1 Decays
The importance of penguin amplitudes is demonstrated by the prominence of modes with (an odd number of) kaons among those with the largest branching fractions. The first of these to be seen were B 0 → K + π − and, with a surprisingly large strength, B → η ′ K. The need to explain the latter motivated some of the theoretical ideas alluded to above, including the flavor-singlet (η ′ strongly coupled to glue) and charming penguin (η ′ strongly coupled to cc) pictures. A large value of the branching ratio Γ(B → η ′ K)/Γ(B → ηK) is consistent with interference between the penguin amplitudes in which the created quark pair is ss or(q = d or u), based on the valence-quark composition of η (′) . The branching fractions are quite well measured for B → η ′ K and B → ηK * . The mode B + → ηK + is established, but not yet the other charge state, B 0 → ηK 0 . I present here preliminary results of an update of the search for the latter from BABAR, shown in Fig.  7 and Table I . This is based on the now complete Υ (4S) sample with 465 million BB's.
The neutral ηK decay is not yet clearly seen, though the two experiments combined give evidence for this mode with a branching fraction near 10 −6 . There is some tension between this result and the value for the charged mode, as well as between BABAR and Belle for the charged mode.
I give a summary comparison between measurements and theoretical estimates for ∆S = 1 P - 
66.6 ± 2.6 ± 2.8 58.9
+3.6 −3.5 ± 4.3 64.9 ± 3.1 η ′ K + 70.0 ± 1.5 ± 2.8 69.2 ± 2.2 ± 3.7 70.2 ± 2.5
P and V -P decays (excluding those with combinations of pion and kaon) in Fig. 8 . We see that the QCDF and SCET predictions accommodate the η (′) K ( * ) branching fractions, but with large uncertainties. The biggest sources of uncertainty in these calculations are renormalization scale, quark masses, decay constants, form factors, and η-η ′ mixing. The smaller errors in the SU (3) fits reflect a greater dependence on the data themselves.
∆S = 0 P -P and V -P Decays
A group of flavor SU (3) center states have been searched for by BABAR, with recent updates, including some preliminary results first presented here, based on 460 million BB pairs. Some of these branching-fraction limits contribute to relatively model-independent bounds on tree pollution in processes used to determine elements of the CKM matrix, such as B 0 → η ′ K 0 and B 0 → φK 0 . Those are penguin-dominated decays for which only one weak phase is expected to appear, but this expectation depends on imperfectly understood strong interaction effects. The latter can be constrained from decays related by flavor SU (3) [22] , such as those shown in Table II .
In fact the latest limits don't improve much on the previous ones; instead they are showing evidence for some positive signals, e.g., for
A newly observed decay reported by BABAR based on the same sample [23] is B + → ηρ + ; with a signal yield of 326 +44 −42 events the branching fraction and Table II Branching fractions with significance (S) and 90% C.L. upper limits, for B meson decays to P -P and V -P SU (3) center states. The entries without citation are new preliminary results.
0.07 ± 0.26 ± 0.02 (< 0.5) [23] charge asymmetry are found to be
A ch = 0.13 ± 0.11 ± 0.02.
The branching fraction measured by Belle is considerably smaller: B(B + → ηρ + ) = 4.1 [24] . A summary of the measurements and limits for ∆S = 0 P -P and V -P B decays is given, along with theoretical estimates, in Fig. 9 . As for the ∆S = 1 decays, the trends are generally reproduced by the calculations, even though most theoretical errors are much larger than the experimental ones. The mode B 0 → ρ ± π ∓ seems to present the biggest challenge. Here the QCDF prediction has large uncertainties, coming from terms representing penguin annihilation and interactions with the spectator quark; SCET makes a prediction with smaller errors, resulting from greater use of experimental input, but giving a significantly lower branching fraction than is measured.
Decays to Axial Vector Mesons
In the last couple of years the study of charmless B meson decays has moved beyond the ground-state nonets to encompass some of the scalar, axial-vector, and tensor excitations. I present here some new and recent searches for states with a 1 and b 1 mesons.
In the quark model, the 1 P 1 meson nonet contains b 1 (1235) with I G = 1 + , two isosinglets h 1 (1380), h 1 (1170), and a strange isodoublet K 1B . The K 1B mixes with another state K 1A to form the physical K 1 (1270), K 1 (1400). The K 1A belongs to the Figure 8 : Measurements compared with theoretical estimates for ∆S = 1 P -P and V -P decays. 
Expts QCDF SCET SU(3) Figure 9 : Measurements compared with theoretical estimates for ∆S = 0 P -P and V -P decays.
following branching fractions:
The significances of the recent observations of B 0 → a The b 1 meson is observed through its dominant decay b 1 → ωπ. CKM factors favor tree amplitudes for b 1 π, and penguins for b 1 K modes. The weak axial vector current is odd in G-parity, while b 1 is even, so the suppression of second-class weak currents implies a very small b 1 decay constant. Thus we expect that B(B 0 → b
, and that
BABAR reported observations of final states with b 1 accompanied by a charged kaon or pion last year [28] . Results of their new search for modes with b 1 and a neutral kaon or pion [29] are given in Table III Mode YS (ev.) S (σ) B (10
6.3 9.6 ± 1.7 ± 0.9 b Theoretical estimates of the branching fractions of B mesons to b 1 π and b 1 K come from calculations based on naïve factorization [30] , and on QCD factorization [31] . The latter incorporate light-cone distribution amplitudes evaluated from QCD sum rules, and predict branching fractions in quite good agreement with the measurements for these b 1 -P decays, as shown in Fig. 11 . The naive-factorization calculations are rather sensitive to the mixing angle between K 1A and K 1B , for which data from other sources leave a two-fold ambiguity, but the comparison with these B → b 1 decay measurements yields no consistent resolution of that ambiguity.
Cheng and Yang have extended their QCDF predictions to B decays involving pairs of vector and axialvector mesons [32] . BABAR present here the preliminary result of a search for one of these, B 0 → b (< 1.7 × 10 −6 , 90% C.L.).
This result in disagreement with the theoretical estimate is somewhat surprising given the success of the predictions for the other measured b 1 modes.
Summary and Conclusions
I've selected several from an impressive array of new or very recent results in the decays of the B + and B d mesons. The doubly Cabibbo-suppressed B → D (s) (π, ρ) route to γ/φ 3 is still elusive, but progress is being made. Dibaryon systems from B meson decay show low-mass peaking, and suppression of 2-body modes; we are seeing new discoveries in baryon spectroscopy. Among decays to η and/or η ′ , there are many improved limits, observations of new decays and hints that more lie near the sensitivity horizon of experiments. Many new modes have been seen in decays to axial-vector states. Predictions are working quite well for A-P modes. Where are the A-V modes? Stay tuned. The global interplay between theory and experiment is expanding, and proving to be very productive. 
